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Abstract. The major outburst of 73 /Sc hwassny un
Wachmann 3, detected ~2 weeks before perihelion as a
sudden increasein the production of hydroxyl, isfoundio
have been followed by a steady brighteningintheviatle
light until ~20 days past perihelion, when the cometvasa
factor of ~200 moreluminous than in its quicscent pliase,
When 80 days after perihelion the nucleus, whase, e
tive diameter is estimated at ~3 ki, appecarcd tobelriple
(with unconfirmed reports of up to four additionsl, ,,
panions), the issue of primaryinterest was the natur,of
the relationship between the splitting and theinitinl stages
of the outburst. Application of a standard model forthe
split cornets indicates that, nominally, the first breakup

the separation of the component B from the principil
nucleus C (the easternmost component) - occurred o
probably inlate October, some six weeks following th
outburst’s onsct. A sccondary breakup - theseparationof
A (the westernmost component) from C - followed s e
two weeks later. These fragmentation episodes corrdlaty
well with two less prominent, secondary flare- ups on the
light curve. Also examined are thecircumstancesof s
ration for the four additional, suspected companions The
inferred delayed response of the nucleusto the rajordis
turbance on its surface is a phenomenon not previousty
reported for any othersplit comet. It was proposedin
the' early 1980s that somne companion nuclei of nontid iy
split comets may represent large, nearly inert fragments
of the surface mantle of refractory material thuatweret o
off, thus exposing the previously protected reservoirofic
beneath. If so, the case of P/Schwassmann- Wachinann
suggests that the disturbed area of the mantlefiratre
leased considerable amounts of dust, microscop icgran.in,
particular - hence, an outburst. The separation of wlag:
fragment (or fragments) of the mantle apparently require
continuing, more sustained manifestations of clevated e
tivity (triggered possibly by a buildup of vapoirpressirey,
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localize d subsurface pockets of confined volatilized ices),
t heresist ence to fracture offered
I yiutrinsic cohesion of the nucleus and its mantle. In
any case, the delayed response provides strong evidence

1 n order to overcome

agamst models of s streng thless cometary nucleus.

K ey words: comet 731 /Sc hwassman n~Wachmann 3 -
nuclear splitting dificrential nongravi tational effects -
outbursts light curve

1. Introduction

Comet Schwassmany Wadlanann 3, which had until rc-
cutly beenknownas one of the intrinsic ally faint periodic
comets of the Jupiter farmly, has arelatively short history,
o enthough it was discovered as long ago as 1930. Unfor-
runately, the object was Jos tfollowing this discovery ap-
parition and remained unobserved until 1979, with eight
niissed returns to the Sun doring the intervening period
ol 49 years (Belyaev & Shaporev 1975, Landgraf 1983).
A gammavoiding detection it he course of the unfavorable
return of 1984 /6, the coruet was recovered during its next
iaproach to the Suninl990, whenit was observed exten-
cively. Thus, the 1905 /6 apparitiononly was the object’s
{ wmrth recorded return to the Sun.

Yet,t wo of t hefourappantions are memorable because
.1 the comet’s unusual appearance. on May 31, 1930,
] .'irl days before peribelion, P /Schwassm ann--Wachmann 3
raissed Farth by only 9.2 mithion kinand for several days
vasafaitly brig htobject onthe verge of detection with
1oked eye During May July 1930, the cornet displayed
s sunwar d fan (described by some observers as an elon -
ti. I ed nuclear condensation a larger geocentric distances)
ar ol in May, o addition, astraight tail that pointed in
t he direction away from the Sun. Schiiller’s (1930) visual
diectionof a doublenuclensin late May 1930 was never
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confited by other observers, including those using lage
telescopes of the time.

The comnet’s physical appearance in 1930, especially
the reported temporal variations in the orientationof Ils
sunward fan-shaped extension were examincedby Sckanins
(1989a). The primary objective of that study wasanim-
terpretation of the fanin terms of a collimated fiow of
dust ejectafromone or more isolated sources Itwasc o -
cluded that the source(s) were situated within20%cfthe
sunlit pole of the comet’s rotating nucleus and t hattem
poral variations in the fan’s orientation couldsuccess ity
be modelled only on the premise of arapidinotionofthe
spin axis. Betweenmid-Apriland late July 1930, th:av-
erage and peak precession rates were foundto tre gl
to, respectively, 0°9 and 1°4 per day. Theactivesutfae
area was crudely estimated at 0.8 kin? and the nodleus
was presumed to be strongly nonspherical.

The ap parition of 1979 was not very favorable,a-the
comet remained more than 1 AU from Earthatall tones,
The geometry was miuch better in 1990, when the ¢ et
approached Farth to 0.367 AU on April 17. T e appan,
tion of 1995/6 has actually been even less favorable 1 nn
that of 1979, with the comet’s geocentric distance always
greater than 1.3 AU.llowever, because of theunexpected
events, the ¢ omet became as bright as, or brighterthan, at
the time of closest approach in 1930. To investigat e these
events in detail, weexamine the comet’slight curve fip

2. The comet’s light curve in 1930 109G and the
major outburst of 1995

By the light curve of a comet one usually means a plot
of total magnitudes reported by visual observers, nor-
malizedtol AU from Earth and converted, to theox-
tent possible, to a uniforin system by correcting forper
sonal and instrumental cffects. These obscrver /tclis cope
corrections are essentially calibrated onthedatarepoiied
by highly experienced observersand arc believed t 1¢

fer, within the observational uncertainties usnally amcunt-
ing to a few tenths of a magnitud ¢, to a totd vis vl
brightness that is intrinsic to the object. Th ¢ conp »
ite light curve of 73P/Schiwassmann- Wachmann 3, vh.ch
is showninFig. 1, also includes three photograplic a-
three charge-coupled- device (CCD) magnitudes, as d

sc ribed in the subsequent paragraphs. B fore plerting
them, we converted these data to the system of viswal
magnitudes, using approximate corrections based anthe
assumption that the color was dominated by prarticuistes
The range of optical reflectivity gradientsof comtary
dust (€. g., Jewitt & Mecch 1986) implies for the (ol

dex (B--V) of the standard UBV system (Johnson 040)
the values between -f 0.73 and + 0.87 mag, equivale ity
an average differerice between the visual andehepion,
graphic magnitude, Mvis~ Mg = —=0.73 £ 007 miap (e
Kron & Mayall1960). On the other hand, thrce diflrent
laws (Howarth & Bailey 1980, Feijth 1980, Stautont9:1)

of comet 73P/Schwassinann Wachmann 3

yield for t he diflerence bet ween tvis and the V omagnitude
of the UBV systaan, meg V= +0.1010 40.13 msg.

T'he light curve in 14130 was examined by Sekanina
{198%a). He noticed the presence of large discrepancies
among, magnitude estimates made by the various ob-
servers, which was caused by a prominent “delta effect”.
This eflect, often involved in total visual magnitude es-
timates of cornets at very small geocentric distances, is
believed to be due to the human eye’s inability to detect
faint. outerfringes of avery extended object with an excep-
tionally low surface-intensity gradient. As a result, the ob-
server underestimates thantegrated brightness the more
the larger (and therefure the closer) the object. However,
themagnitude (I thedeltaeflect is both observer andin-
strutnent dependend, thus the large scatter among the ob-
servers. 'T'oavoidthe pitfallsthat atterpts to account for
this cflectarclikely toleadto, we do not include the light
curve from this appantionm Iig. 1. For the sake of com-
parison with the othe 1 apparitions, however, we plot the
mtrinsically brightest, color-corrected inagnitude  estimate
made photographically by Wood (1930) about 47 clays af-
ter perihelion, when t he comet was already more than
.4 AU from Darthoand no significant delta effect should
be mvolved.

Only four visnalmagnitude estimates are available
ftom t he apparitionof 197 9. Reported by Green (1980,
1981), th ey were made by two experienced observers, for
w hotr the magnitude cor rect jons are well known. One
of them observedd the comet with the same instrument
apain in 19900 These dat v are complemented in Fig. 1
with two photographic bright ness estimates reported by
Herald (1979), which werccorrected for the color effect as
discussed above.

A totalof 106 magnitude estimates by 14 observers arc
plott ed in Fig. 1 from the favorable apparition of 1990,
covering the per iod from 60 days before perihelion to
45 days past perihelion (Green 1990,1991, 1992, 1993,
1995a) Atthisapparition, the comet’s light, curve was
fairly stmooth, peaking shortly after perihelion. The nor-
malized brightness never exceecJecd magnitude 10, Com-
parison with the few data points from 1979 shows the
comet to ha ve leen about equally bright intrinsically at
the two appantions Thelipht curvein 1990 also appears
to compare favorably with t he brightest data point from
] 930. Chen & Jowitt (19914) searched but did not detect
any nuclear companions on May 14, 1990,5 days before
perihelion passage.

Following theconet’s recovery at Calar Alto in late
1 994 (Bukle ct al. 1994 ), the object was observed at
the Furopean Southern Observatory (KSO) in March and
Tune 1985, using the Danish 1 5 meter and the ESO/M PG
2 2-metertelescopes equipped with CCD detectors and the
broad-band R filt e1x of t he Cousins photometric system.
['hese observations were miade as part of a program that
has been momtoring temporarvariations in the comet’s
physical appearance. They are sununarizedin Sect. 9, in
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Fig. 1. Visual light curve of P/Schwassmann-Warkivann ‘I Indications are thatatthe earlicrap paritions and until the time
of major outburst 1n 1995, the comet’s intrinsichrglitiens ¢ ¢ be approximated by the same, smoothly varying law (solid
curve). Since the outburst, the brightness hasfluctusied errativally, exceeding the quiescentlevel by a factor of up to ~200
and more (broken curve). The times of the cuthurstandof the siparations of the componevts Band A (Sect. 6) are depicted.
The OH production curveby Crovisier et al, (1446 )is¢Isc plotied for com panson. Theonsctof the outburst shout 16 days
before perihelion is consistently indicated by boththelightcurscandthe OHproductioncuive, but their temporal variations

are dramatically different.

connection with ourstudy of the nuclear ditnensions We
found a solar color for the practically bare pucleus
the time of recovery, (V-— R)Johnson = 4 0580 14 ey,
which is equivalentto (V- R)Cousins:-}ﬂ.:ﬂ;j() 1 (L g,
(Fernie1983) and to ivis - Reousins = + (1.48:; OJarinae,
In Fig. 1 this correction was applied to the magmit 11111,
from the La Sills images taken in March andJuncon
which the comet is seen to have already beenactineand
which were instrumental in establishing the peuctalclias

acter of the light curve between ~180 and . ..90 days b

fore perihelion. The visual observations beganinmidMay
1995, more than 120 days before perihelion,and continined
through catly February 1996, ahout 140 days aft crperihe

lion, as the cotnet was slowly approaching the comurnciion
with the Sun. A total of 100 magnitude determination: by
15 observers arc included in Fig. 1. The greatinajoritydf
them is fromthetabulations by Green (1995h, 1 996)vith
a few additional entries from Circulars of the liiternationa)
Astronomical Union.

Comparison of the 19956/96 light curve withthose fyorn
the earlier apparitious Snows the enormity of t he outbiurs
that commenced in carly September 1995, Thic event vy
first reported by Crovisier et al. (]995) as a sudden, dru
matic enhancement of a signal from the OH radic, Iy es

tronitheirobservations they derived a peak hydroxyl pro-
ductiontate of (2.22 40.22) X 10%® mol/s on Sept. 11-13,
compated with (0.924015) %102 mol/s on Sept. 8-10
andwitha 3¢7 vpperhuitof 0.28 x10%° mol /s on Sept. 1-5
(Crovisieret d 1996). Thus, the outburst - probably the
first one ever detected by radio techniques before being
seen visually - beganin the pertod of Sept. 6-8, or 17 to
15 days beforeperihelion, This critical period of time is
alsoindicatedm big. 1by back extrapolation of the subse-
went visual obser vations of elevated brightness. The peak
rormalized magnitude of .. 50 was reached about 20 days
jast peribelion, some five wecks after the beginning of the
ontburstand during t hisperiod of time the intrinsic visual
brightness grew by a factor of approximately 200. Addi-
voonal short-lived flare- ups are apparent on both the OH
production curve andthe hpht curve during the following
weeks, after which the brightness began to subside at a
tate thatic clearly much slower than that suggested by
theundisturbed light curveduring the 1990 apparition.
Thetwo secondary peakson the light curve are likely
tr be genuine flare-ups. However, since they are docu-
roented by very few data points, their amplitudes are
recessatilyuncertainand sy be exaggerated in Fig. 1.
The first of thetwo events, peaking about 35 days af-
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ter peribelion, is based primarily on an expericnc ed ob
server's account of the comet being at this timi(andw;th
the same instrwinent) 0.3 mag int rinsic ally brighter b
9 days earlier whenits brightness wasobservedtabesah
siding. Sowne flaring is further supported by the s countof
one of themost experienced observers, who,also3hdays
after perihelion, found the comet 0.2 mag brightcyihug
three days earlier, The strongest evidence forthe scoad
sharp brightening, about 19 days after peribelion isare
port by a fairly experienced observer that the comafudil
by 14 mnag during thenext 24 hours, while anothio hahly
experienced observer found the comet to benuchfamne
46 days after perihelion, between the two sccondary peaks
in Fig. 1. Regardless of the degree of significancc oft hese
two events, the comet’s propensity for flaring upwa- ob
viously not limited to the single episode in early Septeain
ber1995. Rather, it was followed try additionaldiscrate
eruptive events superimposed on an esseutially continn
ous background of elevated activity. Inthepextseaion
we desceribe what we consider the most dramatic pio it
of the object’s apparently continuing disintegration

3. Discovery and high-resolution obscrvations of

the multiple nucleus at ESO

The multiplicity of the nucleus of comet P/Schwassiinn
Wachmann 3 was first detected at £SO La SiYladuninvan
observing run of Dec. 12- 14, 1995 (Boehnhardt & K i
1995). The observations were made simultancously vt
the 3.5-meter Ncw Technology Telescope (N1 1) u-irg,
the KEMMlinstrument (visual focal reducer}intheop
tical wavelength rauge and wit h the 3.6-mcter tel v oy
using TIMMI (inid-infrared focal reducer)inthe therial
infrared. Because of a very marrow observiug window (s
ble 1), we focussed primarily on broadband g g jthe
Kron-Cousins R passband at the NTT. A few exposures
through the UBV and a CN emission band filters v o
also taken, as were low-dispersion spectra, but t hese e
suits arc not reported in this paper. A continvun 30
imaging (with a TIMMI N2 filter) was performedatih:
3.6-mcter telescope. For the flux calibration, we measred
the photomet ric standard stars (1 andolt 1992) uid t ol
separate, nearly sitnultancous iimages of the sky ahout]:
to the north of the comet’s center through the N'I"hiroad
band filters onDecc.12 and 14. The images of 1 Jec 14
could not be calibrated because of cirrus clonds, ‘i he N2
filter imaging of the comet was successful onlyonl(
12. During the following two nights, unstable a mo~pheri
conditions together wit h problemsin the telescopetra k
ing prevented us from obtaining further useful datam
P/Schwassman n-Wachmann 3 in the thermal infrared
The major discovery of the NT'I' observat jons the i
tection of three separate brightuess condensations i e
coma 1s shown i Fig. 2(d). The individual ¢ omponents
were aligned in a uearly rect ilin car chain about 4 wree
long and oriented approximately along the projes te 1

rection of the Sun comet vector, whose position angle on
Dec. 12, 1995 was 7x7, To comply with the notation used
on the Minos Plauet Circulars (Sect. 4), we refer to the
westernmost fragment as A, to the easternmost one as
€2, while the middle condensation is called B. A fourth
brightness pc ak, located about 2 arcsec to the south of
the cornponent (s seenon the N2 images and, for rea-
sons obvious from Seet 4, we refer to it as F [Fig. 2(c)].
Wherens the condensations Aand C were detected in both
the optic d andtheanfrared w avelength s, the component
B was sccn only onthe N1 exposures and ¥ only in
i he infrared frames. On « he broadband images, the dis-
crete condensations were embedded in an extended coma,
whose central part wasstrongly elongated along the radius
vector, 011 the NIV imayes, isophotes of the outer coma's
western end were wide aud pointing in the dire.ction of
the Sun; a gener al int erpretation of this phenomenon is
offered in Sect. & The flox distribution in these images
irevidently representative of the spatial density of dust
particles inthe cotna, whic i differs dramatically from the
alrnost circularisophotesin the CN images of a nearly
sotropic gaseotis expansion. The positional changes and
Lrightness variations of thecondensations A, B, and C
with time are apparentfrom Fig. 2(d) through (g).

By conrtesy of our colleagues observing at other ESO
(+ lescopes, additional UBVR iiages of the comet from
| ite 1995 have become avarlable to the authors, These
C:CD frames were taken by ) Manfroid (Liege, Belgium)
viththe Doteh 0.9 mecterand Danish 1.5-meter tclc.scopes
Petween Oct. 27 and Nov 1, by K. Reiusch (Gottingen,
iermany) with the B SO/M PG 2.2-mncter telescope 0 n
Nov. 28, and by J. Storm (RSO, Chile) with the Dan-
mho Lohancter telescope onDecl- 2 (for details about
{ ne observing geome try and qnstronentation, cf. Table
H.Outhese datesthe generalappearance of the cornet’s
irner co a rescinbled th atseen 011 the NTF hinages in
1iud-Decermber However, on the original frames the cen-
(ral brightness pesks, whileappearing elongated approxi-
mately along the tadins vector, couldnot be resolved into
nelividual components.

Afterdiscovery of t henuelear fraginents, further NT'T
tnages of the cometwere obtained through a broadband R
trer ondan. 7 and 31,1096 (Table 1). Fhe lengths of the

I aiu of the three fragments A, B did C on the two dates
v re about 10 and 15 arcsee, respectively. By then, each
frogimenthadits own comna and tail cmbedded in a comn-
shon sheath of material g, 2(f) and (g)]. Thie sunward
, oma contmuped to displity a well pronounced sunward ex-
i-nsion, as discussed in Sect. 8.

A detailed deseription of the collection of ESO images
, [ihe comet stmcle st fragments is offered by Boelinhardt
cal. (1996). I all exposwmes, thetelescope tracking was

< to follow the abject’s cileulated geocentric motion in
e sky. For t he images obtioned between Oct. 27 and
11 .2, separatequasi- simultancous sky background expo-
sares are pob avail thle Dur g photometric nights, how-
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ever, standard stats were observed, so that thefiate. an
be flux calibrated.

Data reduction and image deconvolut ion The
basic data reduction of the CCD images in t he opt i
cal wavelength rangeinvolved bias level subtractionzud
flat-field division. The dark current contributiont the
pixel counts was negligibly small. Where avalablethe
sky level correction was made by subtracting thiccorre
sponding mean count values obtained from tlscpar. de
quasi-simultaneous sky exposures. In all other case the
sky background was approximated from the fourstar-ficc
arcas & the edge of the respective cornet exposurcs When
possible, standard stars were used for the photometri cil-
ibration of the images, with the extinction corresiion (but
not a color correction) applied.

The Richardson- Lucy algorithm (Richardsem19y 1
Lucy 1974) of the ESO MIDAS data reduc tion soft wire
package was applied to the images taken between lato (e
tober and early December1995in order toresolve pocible
discrete condensations in the elongated centy a purtoithe
coma. An artificial two-dimensional Gaussiaupointspicad
function (1’'S1) was constructed by using the fult w o ith
at-half-maximum (FWHM) derived from brighiness ross
profiles of star trails. Using the artificial 1'S1” typually
about 400 iterations were needed to obtain a stalde rsult
from the MIDAS sharpening procedure. i thsfaslicn,
the elongated central condensation could beresolved 1111 o
two components onthe best images taken between Noa?8
and Dec. 2, 1995 [Bochnhardt et al. 1996 and g, 20 t, 1].
A similar deconyvolution processing of the exposutesirom
Oct. 27 to Nov. 1, 1995 failed toreveal separate conilen
sationsint he cent.ral peak, as seen onthehestimapdion
this series shown in Fig. 2(a). For an explavationof 1 }
negativeresult the reader is referred to Scet

Positional measurciments. Whenever separate, on
densations were resolved inthe corns, we measured |
ative pixel offscts of the components with referencet ¢ the
brightest condensation. For the NTT images (lrom 1
12 on) theidentity of the condensations could casily 1,
established from their con figurati on aud bright ness 1 ¢
nucleus C a thecastern end of the chainalways was the
brightest component, the nucleus A at the westornor i
the sccond brightest during December 1995, but Lt
than the component B in the middle of the chany during,
January 1996 (Sect. 7). Vor the earlier images thaidinn
fication of the components is a more difficult taskwiod
could ouly be settled by dynamically modelling 1 i
clear splitting (Sect. 6).

In practice, the positional measurements of the
densations were carried out by computing the centialpix: |
coordinates of the circular area (approximately ceuntarcl
onthe object in question) using an intensity weightc.itirsl
moment of the flux values of the pixelsinthe apert o
Depending on the distance between the compone 111> he
radius of thecentering aperture was chosen bet ween dmd
6 pixels to avoid perturbations from bright nesshalo (f

the proximatc candensa tion (or condensations). The posi-
tional Incasurements were repeated four times per object
andinage,cachtimewith a new initial centering of the
aperture, This proccdure was repeated for consecutive ex-
posutes (if available) onenchinight. All such data were
averaged to caleulate the nican pixel coordinates of the
components for t he nndexposure times.

Table 1 lists the separation distances among the con-
densations measured (i1 the images available to the au-
thors. The intrinsic crror of these measurements, defined
by t he maximnmn deviation of the individual pixel coor-
dinat es of a single night dataset from their mean values,
was found to be 0.07 arcsec for the NT'T images in De-
cember 1995, 0.05 arcsecforthe January 1996 ones, and
0.2arcsc (for the carly, non NPT observations. It should
be noted that tile actual positional error could be larger
than the intrinsicone beciuse of pixel scale changes intro-
duced by refocussing the telescope arid/c)r the instrument
during the nights involved. These changes have not been
sccounted for Vhewarimumn scale factor changes in the
NTT images are onthe or derof 1 percent. Therefore, de-
pending on the pixel separation of the condensations, a
systemticennorm t he p oz tions of A relative to C of up
19 0.04 arvesccin wid- December 1995 and up to 0.15 are-
sceinlate Jarmary 1 996 couldresult from refocussing the
oplic d systetn Since t hicscale- factor error is propagat-
g along the separationvec tor, it applies essentially t o
i e offsets in ripht ascension. e corresponding uncer-
(aintics sresubstantially sinaller in declination and also
for the oflsets of Brelativeto €. Because of the proxim-
ity of the condensations, the scale effects are negligible for
the carly hmages take 11 with the telescopes othier than the
NTT 1L ¢ prelitianary valoe for the separation distance
, (1 4arcsecbetween the two components on the Nov. 28
pruage, 1eported o FA U Cire 6301, was due to inadvertent
use of anincoriect pixelsive of 0,52 arcsec;this error has
now been cortect ed ((Table1). The photometric analysis
15 described in Seat, 8.

4 Additional information on the multiple nucleus

From Dec 23, 1995 on, thanultiple nucleus was observed
ondthe projected separation distances and orientations
suong, the imdividual coruponents measured) at sev-
,ralobs ervatonies worldwide in particular, in Australia,
Vapan, Slovakia, and th e United States (Arizona, Hawaii,
and Texas) madditionto FSO La Sills. The offsets of
tl.ecompanionson most of theseimages were derived from
1 he absolute positions collected and published by Marsden
11996). *J hese tabulations also include magnitudes for
e 0] thecondensations reported by A. Galad, by
w M. Latson & C W, Herpenrot her, and by J. V. Scotti.

Besides the threcmmyor condensations A, B, and C,
some of the observers repor el additional companions, but
rone of t hese was detec ted by tore than one group and
they allremainuconfirmed 1.V, Scotti (Marsden 1996)
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Fig. 2. Examples of high resolution images of P/Schveassinann\Wachmaun3obtainedat}:SOLa Sills, The individual frames
present: (a) a deconvolved version of animage takenby 3 Manfic dwithitheDotch 0.9.neteneficctor on 1995 Oct. 30.032 UT,
showing a single condensation; (b) a deconvolved verson of an 1"M1aRC takaby J.Stormwith the Daunish 1.5-meter reflector
on 1995 Dec. 2.065 UT, showing the condensations A{npht)and Gy () arebinnedinfrared image of the condensations A
(right), C (left), andF (below C),takenby 11. U Kanfivitnthe S.6-meterreficctoronl99513e¢.12.022UT; (d) an image of
the condensations A (right), B(middie),and C takeiint Bo tnhardt with the NT) 3.0 o terreflector at the same time
the image (¢) was taken;(¢) an image of the condensutio:s A, 3 and C (as before), takenby Bochnhardt with the NTT on
1995 Dec. 14.039 UT; (f) animage of the three condonsatim-tad by Kauflwith th e N1 Ton1996 Jan. 7.050 UT; and (g) an
image of the condensations taken by Bochnhardt, Kanfiit' Gwudftooijagain withth e N1 1on1996 Jan. 3]1.041 UT. The
images have beenprocessed using the ESO’sM 1 1D ASoftvare package. The conmmon sta e ()Hh(-imag(:s is 0.3 arcsec/mm, so
that each of the frames (a) through (c) is 10.8 arcseconasicd whnicthe dimensionsof (p, ) are 21.6 by 324 arcsec. North isup,
cast to the left. The position angles of the Sun are 278° cuthainage (@), 261° on (b), 258%on(c)and (d), 257" on (e), and
254” on (f) and (g).

mcasu red a condensation, called D), less than 2 arcsect H Modelling relative motions of the components

the east-northeast fromm C on tile images taken with tl
Spacewatch 0.91-meter reflector onDec. 27. GIGarraddd
(Marsden 1995) reported another condensat jon, also to
the east- northecast of C, some 7 arcseconllec 1 bend
8-9 arcseconDec. 21, 011 theimages taken withan (1 75
meter reflector at Loomberah, Australia Wercfer tot i
component as K. As mentioned in Sect. 3, the suspect o
condensation ~2 arcsec to the south of C, detectod onihe
infrared images at 1I'SO onDec.12, is referred t<, ac)
Finally, Larson & Hergenrother (Larson 1996} noticc.d, , i
another condensation, 3-4 arcsec totheeast of the comyo
nent A, on their iinages taken with the 2.3- mcterreficcron
of the Kitt Peak National Observatory 011 Jan ? 1, thi
component is referred to below as G.

of a sphit comet

“traditional modelforthe splitcomets was based on the
~sumption thattherate of recession of two fragments

determined antirely by thampulse acquired by them
itbreakup, that is, by t he ¢ ompanion’s (initial) veloc-
i v of separation from the “principal” nucleus. Applica-
1on of standard orbit- deternnmation techniques, based on
1 nstraditional concept, led repeatedly to disappointing
1esu Hs, as the gpatial positions of the respective compo-
10 nts, extrapoli tted hick in time, never had even approx-
i 1 ately coincided with oncanother at any iustaunt (e.g.,
Joflers 1922, Guigay 1955 ) It turned oul that these dif-
fi ulties were not 2 mere product of observational uncer-
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Table 1. Overview and summary of weasured separations for the fropments A, B, and C from thar ESO imaging observations.

Distance (All)

A relative to (B cltive to C

Date (13'J") of of comet to non- -. Scule
obscrvation - - — - gation Separ  Pout  Scpr Posit. (arcsec Teliscope; Tnstrument Observer(s)
Farth Sun fateerc) angle pixel™)
— (?”CM“ y angl L -. - ——
1995 Oct. 28,0410 1.329 1064 52° : 040  Danish 1 51n; DFOSC Manfroid
30.032° 1.336 1.078 53 045 Ihitch O Yan; ceh Manfroid
Nov.28.047% 1.553 1.319 57 0.9 il . o4 I 'S[)/ MP@G2.2-m; EFOscz Reinsch
Dec. 2.(165* 1.599 1355 58 1.6 270 () .. .40 Danish 1 %mn; Drosc Storm
12.022 1.726  1.448 57 3800 2600 2 26370 0.27 NI 3 5m; EMMI Bochnhardt
@45 3 G IMMIE Kauft
13.051 1740 1.458 57 3.8 2504 2.6 261.6 0.27 i-']"T 3.5 11 mMMI Boehnhardt
14.039 1.753 1.467 57 4.24 2380 Y 260.8 0.27 N1V 3.5 1 EMMI Bochuhardt
1996 Jan. 7.050  2.318  1.695 52 10.23  24bx 440 2501 02T NIU3 % BMMI Kiufl
31.041 1919 B 170n Y05 Bochnhardt®

2.514

*Only a single condensation detected.
Second conderisation iden tified as comip anion Afromidy nienic |
‘With K auft and Goudfrootj .

tainties, but had deeper roots: they indicated 1 huithe
basic premise was incorrect and that the ymode 1 sl ould
fundamentally be revised.

In a series of papersinthe late 1970s, anovelnindel
was formulated (Sckaunina 1977, 1978, 197¢)tointe pret
the relative motious of fragments of a split cometlnths
concept, the rate at which two nuclear componeunts e
apart after their breakup is determmned privnanily 1y a
nunor but dctcc.table diflerencebetweenthe contnibinions
from directed outgassing to the orbital momenta ol t le
two objects. The net eflect is thus of the sare natu oo
the nongravitational perturbat jons of cometary nmot s
Since the momentum per unit mass transferced fromices
sublimating in the general direction of the Sunvanc. as
the inverse characteristic size of each object, th ehilin
centric motion of a smaller, less massive fragment (com
panion) is subjected to a continuous decel eratyon il
tive to the principal nucleus. The companion 1« ide 1
fied by the positive value of this deceleration whi by i -
sumed to vary as aninverse square of heliocentricdistan e
and is usually expressedinunits of 10-2" thesolinatia
tion (L unit =593 X 10%cm/s?: 2.96 X 10" AU/duy”
at 1 AU fromthe Sun).

This model has been tested extensively on \ irt tally
all comets that are known to have displayed multiple nn
clei. The results forthe 21 split comets, for which g e .
sary in formation was available by the early 10 805, v ¢4
sumnarized in a re view paper by Sckamma (1987)  |i.
results for more recent comets with multiplcuudeiviere
reportedin several short conununications(e g S kanina
1989b,1995). an thesc investigations led to a condhu ion
that projected separation distances between thepriniry
nucleus and a companion could often be sal isficd Ly v,
model’s basic variant, in which case one solves for o)y
two parameters: t he time of splitting and the difier oo

244.7 0.27 NIYE 3.5 1y EMMI

Sdut 1 (ef Sect €)

tal radhal deceleration of the companion. However, the
presendce of second-order dlects, especially in more exten-
sively observe d split comcts, has atendency to weaken
the generally high degree of correspondence between ob-
servations and the two patameter model. Accordingly, an
vuproved model was introduced in 1978 that allows solu-
tions for vp to fiveparamcters, which, in addition to the
tune of splitting arid the deceleration, include three or-
thogon al components of the separation velocity. Contrary
to the traditional approact, however, the separ ation ve-
locity now contributes only a small fraction of the total
«fle ct (up to o fow /s insteadd of several tens of m/s).
The dtiparametermode 1 provides an option to solve
first for any combination of fewer than the five unknowns,
w0 that a total of 31 diffeient variants of possible solutions
are available. 'T'hisis of vitaliimportance in practice, since
the number, the temporal distribution, and the quality
of observations dictate the conditions necessary for any

particular solution (o CONVe he

6. The multiple nucleus of P /Schwassimann-Wach-
mann 3 and the sequence of splitting

iheanaslysis 01 the observed projected separations among
the various componenls was undertaken in two steps. In-
vestigated first were only the: extensively observed conden-
itions A, B, and C, of which one is the principal nucleus
tthe patentobjectin the first breakup) and two arc com-
; anlonsh)ectives were to establish the sequence  of
splitting (i.e., the order of the breakup events in which the
canpamons came into existen ce), the circumstaunces a the
tes of separation andthcparent bodies. Depending on
which of the three connp one nts is the parent, nuincrous
bre aarp scenatos are pos sible For example, if Cis the
ivarent (as SEown beloy ), Acould break off from it first
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Table 2. Comparison of the parameters and residual<fr var,ous solutions for componentB8 separating from C.

Solution
Parameter — . o
SD SND SKIN RT NDe SKND ‘STN1) SRTND
Time of splitting
Liptiv (days from
perihelion) —-24.74 49 -20.041.1 664149 (- 36.0) -3.7494 145.8434 +31.7412.1
(date 1995 UT) Aug. 29.2 Sept. 2.9 Sept B G (S(pt.69) Sept. 147 Nov. 7.7 Oct. 24.6
Separation velocity
Viotal (M/S) (0.114,0.01) y.0f 4 11.33 0.244 0.19 (0463 035 (1.5240.11 1.07*0.37
Viadial (111/S) 43054033 0314022 0454030 +0.43 4 0.22
Viransy (10/s) - - J00e1034 0184021 -1.5140.11 -0.9740.40
Viorm  al  (mfs) - 40.1140.01 40114001 40114001 0114001  40.1340.01 +40.11:0.01
Deceleration 7
(units of 10°
solar attraction) 29404 3.34-01 47417 2.740¢ 18.04 0.8 9.7 4.2
Mean residual
(arcsec) 3.0.329 10.086 00 40,085 4 0.082 40.072 40.071
Individual resicdh a)- o« (arcsed ) of the 13 employedobservations
Date U’ T o T -
R. A. Dec. R.A. Dec KA Des R.A Dec R A Dc « R.A. Dec. R.A. Dec.
1995 Dee, 12.022 -0.16 4041 -014 -- 0.07 0 24 @po4 -0 11 Qor 0J]7 0 6h -0.11 40.07 -0.12 40.03
13.051 + 0.01 4 0.41 4-0.04--0.07 0 G 00" <0 07 0.0¢ -+ 0.0] - 0054 0.06 +0.06 +0.05+0.02
14.039 0.02 4 0.40 4+0.02 - 0.07 4 @ 4gon 006 001 005 -10.04 40.04 +0.03 -40.01
23.230 -0.03 4 0.43 +0.09 40.61 - (110 -10.0% 41084001 4009} 002 -0.0840.01 +0.08 +0.01
23.234 —-0.12 40.42 0.00 0.00 001 0.0, --0,0]  0.00 0.00 4001 - (1.02 000 -0.01 0.00
24.227 -O. ](I 40.45 +0.03 +0.04 005 - 0.0%  3-2,02 f 003 -().03-} )tda - 0.0) 40.02+40.02 +0.03
24.232 -0.09 40.47 +0.04 40.06 4000 .00 -+00%400% -004-} 066 -10.02 +0.05 +0.03 +0.05
25.213 -0.11 40.44 +0.02 40.04 005 - (10" -40.01-4 0.03 40.02 -t004 0.00 +40.02+40.01-40.02
25.216 0.00 40.4240.13 -1 0.02 -0 1¢ =000 40124001 -0)3-}[1uy 4011 0.00 +40.12 0.00
27.228 -0.20 40.26 -0.05 -0,23 - C¢0; - 03 --[1,0; 014 0J14 o014 - 0.07 -0.17 -0.07 -0.16
27.231 -0.25 40.32 -0.10 - 0.07 - 006 - G607 --012  0.0& 009 -[l.0og - 012 -011 -0.11 -0.10
1996 Jan. 7.(150 -0.20 + 045 40.02 440.33 4010 - 0.1} 0.2(*40.22 4005 40,13 <4 0.01 40.0240.03 +0.05
31.041 09 0.00 +0.03 -0.03 +0.04

-0.54 +40.29 -0.15 40.3%

- 017 - 0.0)

-0.1% 4 03¢  --0.14 +0

°The time of splitting was forced to coincide withthetineof ¢nsetaf the msjor ouith ursl, 4445 1( daysbefore perihelion

Table 3. Separation parameters of the solutions forthe, mnparons A, B, 1)}, andbrelative to Cand for G relative to A.

B separating from (:

Solution |

Parameter .
Solution 11

Time of splitting fspis
(days postperihelion)31.74 12.1 25.34 10.%

(date 1995 UT) Oct. 24.6 Oct. 16,2
Separation velocity
Viotar (111/s) 1.07 1 0.37 1434 0.20

+0.4340.22 + 1.35:1 ¢.1¢
—0.974 040 —0.47 H0.19
40.1140.01 4030 0.0)

Viadial (111/5)
Viransv (III/S)

Vaormal ("1/5)
Decelerationy (units of

10°solar attraction) 9.7 *4.2 (0.1 +41.7)
Number of offset pairs

used in the solution 13 5
Mean residual (arcsec) =+ 0.071 $0.117

A from

43 9
Now.,

KN?
RS
L4000, 72
P3EO 000

AR T (R
()t

PhO 2

14
S 094

A from BDftom C  }iomCF from C G from A
72.04 1.7 6o 36 61.9: 6.0 17 78.642.8
De, 3.9 Nov 28 Nov. 23.8 Oct. 9 Dec. 10.4
4794 032 @ 44 03 - -
42704 043 -
- 3.954 0,26 - -
-0.104 0.03 - 4041 03 —
343 14 (76 4 15w a0 - 147 ~160 181414
13 2 3 1 2
-4 0.2¢ :10.84 - 4.0.15
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Table 4. Residuals from the solutions for the componertBseperating from the primary nucleus C,

Observation Solution 1 Salution ] Observer(s), measuren(s),
date (UT) e R and observing site
R.A. Dec. R.A e
1995 Nov. 28.047 (4081 +0.02) 4033 .o Reinsch (BSO)
Dec. 2.065 (+0.3¢  +0.01) -0.07 - p.08 Storme (HO)

12,022 --0.12 +0.03 - 0.3 0.0¢ Boch nhardt (ESO)
13.051 +0.05 +0.02 -0.31 - 0.01 »
14.039 40.03 +40.01 -0)1 - 0.0) ”
23.230 40.08 +40.01 008 (.04 Chen, Jewitt (Mauna Kea)
23.234 -0.01 0.00 =-0.00 400 n
24.227 +40.02 +-0.03 4003 400G »
24.232 +0.03 +0.05 -{0.04 0065 »
25.213 +0.01  +0.02 4-0.0% (10w »
25.216 +40.12 0.00 4004 00 K
27.066 (-.-).36 - 1,06) (~1.3) YD) Leotti (Kot Peak)
27.071 (-~0.93 -0.86) (- 0.8¢ 0} ?) ”
27.228 -0.07 -0.16 --0.02 0372 Chen, Jewitt (Mawia Kea)
27.231 -0.11  --0.10 -007 oo »

1996 Jan. 7.050 +0.03 +0.05 4004 j0aB Kaufl (150)
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Fig. 3. Models for the motions of the components A and Brela ve tothe primary nucleus Cinthie time interval from October
1995 till January1996. The curves represent thedynamlsolioons, listed in columus 2 (Solution 1) and 4 of Table 3 for the
components B and A, respectively. ‘I'he tick marksidodifyvthe jositions of the companions st 0" U7 on the i dicated dates in
late 1995 and early 1996.The dots represent the 15 mcactied s vivrations of Aandthel3 measured separations of B. The scale
for the offsets in right ascension is common to thetwacornpsne s The scale for the oflsetsin declination ison the right-hand
side axis and nearthe top onthe left-hand sideaxis f n Asndithe Jower part of the Jeft-hand side axis for B.

Components A and C. The results Of thepreceoing
subsection indicate that thccompanion 011 theNov 2y
and Dec. 2 nmages must have been A, inwhichcas it
should be possible to link the barely resolved separations
of the components on these two images with thcotherls
data points to find out whether A broke off fionmi C: ot
For either scenario a variet y of solutions was againderi, o
and carefully examined, asin the case of B vs. C'Thefi
nal results for the components A and C are presentocn
the column 4 of Table 3, with therelevant residuale
the columuns 2 and 3 of Table5. The fit, which v 1y
sensitive to the measured separation On Nov. 28 leaves
slightly 1arger mean residual than in the case of Bve (1
but all the individual residuals are w c]] withinthelin
of 0.2 arcsec and show no systematic trends. Considering
t he difficultics involved in deconvolving the positions of
the two detectable components 011 the images iak eny
late November and early December (Sect. 3), thernea
sured offsets are in very satisfactory agreemcut withthe

predicted separations ol A from C: 1.1 arcsec at a position
augle of 283° o Nov. 28 and 1.7 arcsec at 272° on Dec. 2,
The best fit to the 19 mcasured separations of A from C
1o presepted n Fig, 3

Cowp onents A and I The possibility of the com-
ponent A breabing ofl fronn Bwas initially entertained
i the probable scenario (Sckanina 1996), but after the
« paration distance for the No v. 28 image had been re-
vised (Sect. 3), thhs wacnolonger a viable option. The
s rongestycason forabandoning  this scenario is its unac-
¢-prable impheation, froms the resulting solution in column
Lof Table 3, thatthecomponent A did not exist before
[rec. 3. Evenif theactualuncertainties in the tiie of split-
tic.g are signific antly greater than the formnalle in Table 3
thieates, the connponent A would have practically coin-
crded with B 011 thetwocarly inages, which leads to the
diserepancies alieady pointed out above in the case of B
v: C. 111 addition, theresiduals, listed in columns 4 and
4 of Table &, arc onthe average larger than for the sce
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Table 5. Residuals from the solutions for the componint A
separating from C or from B.
Residual o—¢ (a
Observation A from C A B
date (U'T)
R.A. Dec. RA
995 Nov. 28.047 +0.13 -0.12
Dec. 2.065 +0.03 -0.06 .

12.022 ~0.16 +0.08 4004 {004
13.051 +0.05 -40.14 -+ 0.06 [RUBD!
14.039 ~0.14 +40.07 --0.11 40O
23.230 0.00 -0.03 - 0.07 IR (T4
23.234 —-0.02 -0.06 0.00 0 ¢
24.227 +0.09  -0.04 - 0.09 s
24.232 +0.13  +40.02 4012 - 0ns
25.213 —0.13  —0.05 o002 00
25.216 ~0.09 ~-0.08 - 020 <0
27.228 +0.08 -0.03 4015 4012
27.231 -0.03 0.00 4009 A0

1996 Jan. 7.050 +0.10  40.15 4002 {000
31.041 —-0.02

—0.04 - 004

nario of A breaking off from C and they show a systen i
trend (from positive to negative and back to positive) m
declination.

Minor components. The solutions for thes

jons, in columns 6 1o 9 of Table 3, are all very crude. Gniy

for the condensation E was it possible to solve for the e
mal component of the separation velocity in additi
the two basic parameters. In spite of the extremely linred
number of positional observations available, the compuy
ion G scems the most likely one among the four to e
genuine. Kven so, only two of its four offsct micasui
were found to be sufliciently consistent to derive the joa
ramcters; the other two left residuals between 0.4
+1.2 arcsec in either of the two coordinatc t
observations of ¥ are not consistent either, while the de
celeration for I} is indeterininate. 1t is probable that th,
condensation F was a local concentration of s
particulates with no genuine, sizable fragment inve
so, the solution for F in Table 3 is meaningless and dos
not inply the condensation’s survival for more 1
months, which could not be explained under any
circumstances (Sckanina 1982).

7. Relative brightness of the major compona

The relative brightness diflerences among, the conde .
tions in the R passband were micasured by inte
flux in a circular aperture of a radius of 2.5 pixels nino ) v
centered on the objects. This procedure was repeat
arly to that described for the positional data in Seor
Whenever possible, the results were averaged from seque
tial exposures taken through the R filter within a e 1t

terval of about 30 minutes The intrinsic variations in the
relative brightness of the condensations on a time scale of
1p to 2 hours and from day to day (Boehuhardt & Kauefl
1995) could thus be verified for the N'T'T observations in
Decerber 1995, The esthmated uncertainty of the mag-
nitude differences is on the order of 0.03 mag. However,
Fecause of the partial overlap of contributions from the
veighbounng condensations and also because of the gener-
Jly vneven level of the barkground coma intensity around
the condensations, an vuknown bias may be inherent in
our brightness data {especially in the NTT images taken
i December 1995)

We also thed to estimate the relative brightness of the
condensations on the images of Nov. 28 and Dec. 2, 1995.
These cflorts were complicated by the fact that on both
mghts the components conld only be separated after ap-
plying a deconvolution technique (Sect. 3), whereby the
brightuess distribution on the himages is no longer pre-
served. Therefore, we tried to assess the relative brightness
of the condensations in the origiual (unprocessed) itnages
e two ways: first, by measuring the maximum flux in a
csrcular aperture centered on the brighter and fainter part
of the clongated brightness peak of the comna and, second,
by integrating over all pixels in the respective apertures.
of both methods were averaged for the indi-
vidual objeets. Thewr uncertainty is much larger than that
for the subsequent images deseribed above (on the order
el 0.1 mag compared with 0.03 mag). Nevertheless, it is
ar that the brightness diflerence between the two con-

The valu

densations was well Lelow 0.2 mag,

The magnitude differences between either of the two
companions aud the prinaipal nucleus C, as derived from
ESO tmages were combined with the brightness data
reported by Galad, by Layson & Hergenrother, and by
Scottt (Marsden 1996). ‘The ESO magnitude differences
ire compared with the other results in Fig. 4, from which
it is obvious that the component B was generally fainter
than A n the carly period. until about the end of 1995,
Phis iy explain ovr failure to detect B on the images
I Nov. 2% and Dce. 2. By contrast, the companion B was
sved Lo be gnostly brighter than A during January
1396, T'hus, even though irrepular brightness variations of
s few tenths of a magnitude on time scales on the order of

2 hours o1 Jess are well documented for both companions
o Figo 4, a fauly well prononuced systematic effect, super-
sraposed on th rapid fluctuations, shows that over the
period of two months the component A was fading more
rapidly than BLIn general, the observed brightness varia-
ions of the two companions are simmilar to those reported
i other spht comets (Sekanina 1982).

antitai

> The

uspection of a I hage taken with the NTT on
Dree. 13, 1995 led Lo the detection of yet another inter-
no the dust coma of P /Schwassinann-

wting, phenonn
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Wachmann 3 was foundto be clearly extended intwo
directions (Bochuhardt & Kaufl 1995). I th e 8.7 by
8.7 aremin field, e main tail appeared at z position an
gle of 80°, nearly coincident with the prolongedi i ix
vector (780). Inaddition, ashorter and slightly wider «c «
ond tail pointed in an approximately sunward direc:ion.
Itslarge-scale appearance can be examined onexpotnr-s
taken try Jager (1996) with his 20-cm Schiridtcamera.
A sin the case of any otherantitail,this feature’ssuinvardd
orientation is an orbital angular momentum ¢ fleciondust
particle motions caused by thelong- termaction of « i
radiation pressure and enhanced by favorable projection
geometry (e.g., Sckanina 1976a). If such geometryaly e,
this effect shows especially prominently whenYarthtia:

sits across the cornet's orbital plane, at which timetheter-
restrial observer views the thin sheet of dust cjectucig

wise. Earth crossed the orbitalplane of P/Schiwasstannn

Wachmann 3 on Dee. 2, 1995 and when the Decl3image
was taken, the terrestrial observer was only 1% Zawayfion
the plane as seen from the nucleus. By Jan ','1}.(;,,.“;,.
increased to 30.1 and by Jan. 31 to 3°.9. Themciorrole
of the projection effects in the antitail orientation of this
comet is indicated by the fact that the anglethatthenian
body of the antitail (which was pointing away from) a-th)
subtended with the antisolar direction in theconwt’s or
bital plane was only between 40° and 50°in Dccenibut
and January.

The older the dust particles, the greater the anpic
by which their loci lag, relative to the nucleus, “hehing
the radius vector (i.e., toward the comet’s reverstvelo.
ity vector). Also, the smaller the particles of a givenage,
the larger the effect of radiation pressure and the greater
their distance from the comet at a given time Hece
very old particles, which arc still situatediuthepyos

of comet 731 /Schwassanann- Wachmann 3 13
imity of the cornet,arenccessarily subjected to relatively
winor eflects of radiat 1on pressure and must therefore be
rather large. Theparticlestypically observed in the anti-
tails of comets,including ’/Schwassmann- Wachmann 3,
are subimllimeter- to millneter-sized,

A dedicated study of th is comet’s antitail is not un-
dertaken in the frarnework of this investigation, but is
desirable. Here we linnitour attention only to cursory in-
spection of a few images between late October 1995 and
the end of January 1996.InFig. 5 we present examples
of the wide-fr[ld computer-processedimages taken during
this period of tiime at ESO La Sills. The antitail is clearly
appatenton the Decernbar- January images. The position
angle of its maximum extension is measured to have been
250° on Dec. 14, shnfting, to 240° by Jan. 7 and to 235°
by Jan. 31. Onthe contrary, thie October image dots not
show the antit ail a allandt he Novemnber image displays
omly its very tenvoustracesin a westerly direction.. To
understand this evidenceand to offer at least an approx-
1mate estimate for the age of the ejecta contained in the
antitailwesunmmarize, in''able 6, our calculations of the
projected orientatiornpattarnfor the loci of dust particles
elected at difie rent times.

Table 6. Projected orientation of dust particle loci observed
at diflerent times vs, particle ¢jection time.

Positionangle Of ejects loci on images
Ejec tion time - —_—
. take n in 1995 taken in 1996

7" Date

laject - -_—

(ila‘ys") 1905 Oc 1.28 Nav.28 Dec.13 Jan.7 Jan.31
--200 Mar. 6 280°  264° 255°  247°  243°
- 180 Apr. 25 29] 264 255 247 243
- 100 June 14 243 264 255 246 242
=60 July 24 300 264 255 245 241
-300 Aug. v3 KK 2065 254 244 240
-16Y Sept 6 64 265 253 243 239
0 Sept.22 By 272 250 241 238
416 Oct, 7 a5, ) 227 236 235
30 Oct22 98 81 85 220 231
94 82 78 74 74

Radius vector©

? Reskone.d fron. petthelisn minos sign = before, plus sign = after.
b Norninal tnne of onset of the major outburst.
“ In projection ¢rto the plane of the sky.

Comparison with the observed position angles on
Idee. 13 Jdan. 7. andJan dlyields for the dust particles
I hat populated the mainbody of the antitail an average
ciection time of 848 davs after perihelion, that is, the
, ud of Septemberorthe boginning of October 1995, This
time cotne ides with the outburst phase of the light curve
i Fig. 1, prece ding its peal by about two weeks, and of-
frrs furtherevidenceinsapport of the conclusion that the
comel’s ac tivity remained elevated for a long period of
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time following theeveut’s onset , at least several weeks, as
also doc umente d by ot her observations, However, by the
end o! Januury 1996 the dust production must have de-
creased dramatically, becanse the cornet shows no longer
any ordinary (easterly) tail

The fact that no obvious antitail shows on the first im-
agein}tig. & combined with the dist ribution of orienta-
tions of particlelociin ‘L able 6, signifies a generally lower
level of dust productionbefore perihelion and is there-
fore consistent with theinformation from the remaining
yma gesinthe figurdInterestingly, there is no indication
onthe Octoberimage of any excess tail extension in the
sector bet ween the position angles of 60° and 90°, which
qualitativ ely suggests thiit no large amounts of dust in
the hundred- micron size range (which would show up in
these directions atth e relevant distances fromthe nucleus)
were ¢jectedduning the first t wo weeks following the on-
set of the outhurst, even thong h the comet’s brightness
Was ll_\’ then G'l]r(‘a(')' clevi iLeg l‘_\' afew magnitudes' Nev-
rrtheless evidence for preperihelion production of dust is
tot entirely negative Theresults in Table 6 suggest that
the elongation of the central condensation at a position
angle of ~<290, rentionedin Sect. 3 and clearly evident
on the deconvalved imia geof Oct. 30 in Fig. 2(a), can be
interpretedac avmteprated effect of the gradual accu-
mulation, over very long periods of time, of fairly large
{subcentimeter-sized and perhaps larger) dust particles
from early preper ihelion ermissions. This is an indication
t hat the feature has botlung in common with any sec-
undary condensation in cotuplete agreement with the in-
dependent conclusion in Sect 6.

The images tuken near the time of the Earth’s transit
«cross theeornet'sotbitalplane are of particular inter-
w~t. Unfortanately, or thefisme from Dec. 2, taken shout
12 hours before the tran sittime, the nucleus is situated

near the western edge, making a judgment on the presence
ul the antitail impossible. On the deconvolved version of
this frain’s innermost part [Fig. 2(b)], on which the in-
trusity distribution is not preserved, the brishtest nartion

Vig. b, Examples of wide-ficld images of P/Schwassmann-
Wachiaann 3 obtained at ESO La Silla. The frames present
#ram the top to the bottom (a) an image taken by J. Manfroid
vath the Dawish 1.5 queter refiector on 1995 Oct, 28.041 UT;
r¢) ar imape token by K. HKeinsch with the ESO/MPG
Smeter yeflector on 1995 Nov. 28.047 UT; (c) an image
tesen by B Bochnbardi with the NT'T 3.5-meter reflector on
146 Dec 13051 UTS (d) an image taken by H. U. Kaufl with
the same telescope on 1996 Jen. 7.050 UT; and (e) an image
tiken by Bochnhardt, Raufi & P Goudfrooij with the same
tocscope on 1996 Jan, 31.041 UT. The images have been pro-
¢esed vsing the ESOs MIDAS software package. The scale of
Ui images i 3.7 aresec /tum and their width 325 arcsec. North
1+ up, €ast to the lelt. The position angles of the Sun are 278°
fr{a), 262° for (b). 257 fo1 (<), and 254° for (d) and (e).
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of the antitail would necarly coincide with thelocationof
the companion condensation and would be largely oblit
crated. However, very faint traces of the antitailarde
tectable on the image of Nov. 28, exhibitedin g (}).
Its faintness can in part be explained by the factd:aionly
dust grains expelled before Oct. 2 (9 days afterperihibion
and earlier) would project to the west of thenvneleisin
the period of timne near the transit (Table ). ‘1 hishiat
virtually coiuc.ides withthe average ejection titncw: ol
tained for the main body of the antitail on t hesubsient
images and implies that particle loci for the e¢jectiontunes
near the critical date of Oct. 2 arc greatly foreshoitand,
complic ating their detection. A more definite conclusing
would require anextensive investigation of thiscubjeis
which is outside the scope of our paper.

9. Outgassing arca and the nuclear dimmensions

Now that the time line of the elevated activity is ¢ tebh
lished at least qualitatively, we turn our atlentionnitithe
difficult problem of how large an area of thenudearsor.
face was involved. Crovisier et al. (1996) find thatth: i
peak production rate of hydroxyl nominally inniphesfanthe
waler-production source an outgassing are a of -~ 40 bin”|
which they findincompatible with the nucleus diman-ions
derived from Baldet’s (1930a,b) nuclear magnitude et
mate made during the comet’s close approach to | sith
in 1930 and point out, correctly in our opinion, that the
large inferred sublimation area is a consequence of frag-
mentatt on, measuring significant out gassing contributions
from ¢jected icy grains.

While we agree with Crovisier et al.’s (1996 bis o0
terpretation of the eflect, our careful analysis of the estent
of the outgassing source that is necessary to explinn the
peak production rate lcads to an area somcwhatsmalle
than 30 kin?, as shown below. Although it is virtuallyc -
tain that the activation of the source procecded indisrete
steps, thesteepness of theinitial phase of the OHp:ro
duction curve (Fig. 1) suggests that the extendod souice
responsible for the peak emission rate cau be modell dus
if activated suddenly. *1'0 find its outg assing are .. Athin
satisfies a total water productionrate Q, weconsideathie
source to be centered on the subsolar pointandyt<rading
extent on the spherical nucleus, of a diamecter /2 11 be
limited by the Sun’s zenith angle 21im. Thern

A:%w])z(]—cos 2lim )- 1)
A simple model of water sublimation from point o iroes
on a cometary nucleus, which accounts for thevitianons
intherate of outgassing with distance from the sutinla
point and which is based on the assumed encrgybalinie
between the insolation on the one hand and purc v ater
sublimation and thermal reradiation on the othor v as
fortnulated by Sckani na (1988). This model is hicre gr-
alized to an extended source of any size smallathanthe
area of thesunlit side of the nuclear surface. Thenodel
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offers an expression for the sublitnation rate per unit area,
Zo(1), at the subsolarpoint at a heliocentric distance r (at
anassumed albedo of 0 04 and emissivity of unity) and al-
lows one to calculate the sublimation rate per unit area
Z(z, 1) atthe Sun’s zenithangle 2 in terms of Zg(r):

Zz,0) = Zo(r) -

((z 1), 2

where

((2,1) = cosz- f(o) sin’z
= 0

for 0 <z < 2¢4it, (3)
for Z > Zerity
where f(1r) is & function of heliocentric distance only. The
approximation for large zenithangles is of no consequence
lu practice, Por v <€ 3 AU, zqicis ouly slightly smaller
than 90 The water sublimation rate per unit area aver-
aged over the entire sourccis then

, 2o
|‘/) T - .

1. coszyg,,

Zo[G 201 G

/I“l“((: ,7) sin zdz
0 (4)

- 14f) €08 2)jyy - %fC(’SQZIim]

Sinee the production ratcof water from the source is
0= {Z)YA, the expression (4) canbe rewritten, with the
helpofl (), as fallows

120

9l a. o 3
TIZ()].)') - oS 21 2f COS" 2hinu - (5)

3 A G6f cosoyg,
Yor a given prodoctinnrat- (Q at a heliocentric distance r
(which defines 27y and f), this cubic equation 1 cos Zlim
vields only one phiysically meaningful root, which is a fune-
tion of the nuclear diameter D

LOS 2 -} [\/l ;+ /U;‘" CON -1(7! - 0) %] , (6)
where
§ 14 af2(c+ 20
7z arccos [' (‘] | -1_f2):‘/1‘ (7)
snd
60

(F oz T 8

Fil Z(»])‘} ( )

The outpassing arca A t heuresults from (1) with cos 2iim
from (6) The nunimum noclear diameter Pwin that sat-
isfies @ particuliir value of the production rate Q(r) at a
hicliocentric distance ris calenlated from (5) after 2lim has
b eenreplaced with 2,5,

This model was applicd to the peak production rate
of waterfrom ¥ /Schwassinann Wachmann 3, which was
assutne d to be equal tothe peak 011 production rate
of Q:92.2x10%% 11101/s, as mecasured by Crovisier et al .
{ 1996). The resolts are presented in Table 7. The small-
e steffectiverudeardiameter that is compatible with the
entire observed outy assing area being due to the emission
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Table 7. Nuclear diameters, averaged water sublinvation rates
per unitarca,outgassing areas of activated source,and 1111 ting,
zenith distances of the Sun that satisty the wate r productin
rateof 22.2 x 10%* mol/s at a heliocentric distance of 0.9 A L

Effective  Sublimation  Outgassing Fraction of Lty

nucleus  rate per unit area of the  nuclear zenith
diameter, surface area, activated surface anglo of
D (#) source, A active the &m
(km) (1 0%%mol/km?/s) (kin?) (percent) Zlin
4.2° 0.84 26.5 48° K
45 1.15 19,3 30 6o
5.0 1.30 17.0 22 e
6.0 145 153 14 45
8.0 1.57 14.2 7 3!
137 4 2

10.0 1.62

min Of the bu (I us
The entire sunlit hemisphere; the fraction isless thun b poiceit
because of the emiployed approximation at 2z &~ 90% 1 1y ()

an g . .
Minimur allowed effective diameter 17

source onthe nucleus surface (andnot,inpari,toadond
of ejected icy grains) is 4.2 ki, in which case the sud.
den activation would have involved the wholesuulit by
sphere, a very unlikely case. A more realistic scenars,with
lessthan~20 percent of the surface involved, requines 1}
the nucleus be more than 5 kin across.

This estimate does not compare favor ably withilim
ited photometric evidence. A s interpreted by Sekiniia
(1989a), Baldet’s (1930a,b) visual observationynde with
the 83-cin refractor at Mecudon at the time of clos s ep
proach to Earth in 1930 implies an effective nuclcardianm
eter about five timesas large as Baldet’s result of 0 4k,
when one uses a modern value of 4 percentforthe goo
metric albedo and whenone corrects for the solarjliae
effect, whit.} 1, although very significaut, wasneglectedny
Baldet altogether. Onthe other nand, quasispecularrcfle
tion from isolated, relatively bright, multifacctedspe <ol
<<l km?onthenucleus could also accountforthystir
like object detected by Baldet (Sekanina 19804), v th
the much darker bulk of the nuclear surfacchiaving i
mained unrecognized by hitn on account of alow contiast.
Inthe light of these uncertainties it is remnar kable that
the comet’s brightness at the time of its recovary mlate
1994 (Birkle et al. 1994) implies, as scen from Tatb oy,
an effective nuclear diameter that is virtvally idential
with the value derived by straightforwar divinterpr-1ing
Baldet’s magnitude estimate as referring to theentinu
cleus.  The agreement is perfect when one uses avahe of
0.035 mag/deg for the coeflicient of the solarphasdlew
The employed assumptions on the geometric albedo 3 and
the phase slope 8 are based on theresults ot yecontnuddons
investigations of 1P/Ialley and a few periodiccan 1s
of low activity, suchas2P/Fiicke, 7P/Pons Winned e
101 /Tempel 2, 28P/Neujmin 1, 49P/Arend Ripoixand
C/1983 111 IRAS- Araki- Alcock (e.g., Sekaninalivuh,

f comet 73P /Sc hwassmann Wachmann 3

1988, 1001, Hanner et i, 1085, Tokunaga & Hanner 1985,
Brooke & Kuacke 1986, Delamere et al. 1986, Sagdeev et
i, 1086, Birke 1 et al 1987, Campins et al, 1987, Jewitt
S, Mecch 19871988, Veederet i 1987, Milliset al. 1988,
A'Hearn ¢t al 1¢89).

Theresults from Birkle et al.’s 1994 and Baldet’s ob-
servations arcseen from Jable 8 to be in excellent agree-
mient Jn addition, the implicd nuclear dimensions are con-
sistently and rather tightly constrained by the observa-
tions frorn Marel 11995 17he 1994 data points are the most
relevant, inpartbecause of their high quality, in part be-
causc of their rdativeinsensitivity to errors in the solar
phase law, Evenif P'/Schwassmann- Wachmann 3 should
have hadone of thedarkest cometary nuclei, with a very
steep slope of its phase cnve, it still could not have been
tore than 5 ki across b fore the recent splitting, th e
hest guess being sce 2 3k This result points conclu-
sively to the presenceinthecoma of an extended source of
fteshly ejected 1oy grains, whichcontributed significantly
to the water productionrate peaking in the early stages
of the comet’s onthurst

10. Final comuents and conclusions

The firmcondusion to wl ichourinvestigationlends sup
port is the identification of the component C with the
princapalvueleusinwhichmost of the mass of the origins]
coret 1s contained. Disnns<ing, the solution for the com-
pamon 1 (column & of Tuble 3) as too uncertain to take
seriously, the catliest break up event involved the compan-
by, which splitofl mostprobably in late October 1995,
with alouncertainty of ncarly two weeks. This event was
followed closely by a secondary breakup, in early Novern-
ber 1994 in which the parent C gave birth to the com-
pamon A It even is possible that both comnpanions broke
off frotn C simu lLancously The suspected companions D
snd B, f genwnne, se parated from C most probably in late
Novembea, while (s likdy to have spht off’ from A in
, arly Devemhba Thaderived difterential decelerations im-
ply that B oshiovld be the niost massive companion and
thereis a chanes thatitst ill will be observable after the
comnet ermerges, in June 1996, from the conjunction with
the SunThe apparently less meissive companion A, may
be a nach mote diflicolt target later in 1996 and its detec-
ton, if possible atall mayequireuse of the Hubble Space
Telescope M continuing, the pronounced rate of brightness
decreas ¢ of A (Sectv)would support the conclusion that
A was les s missive than B The derived separation veloc-
itits, 1 1 111/s forBanda 4 1115 for A, further underscore
the differences bet ween t he two fragments . None of the
{four suspected companions 1) Gy with their high deceler-
ations, could be a substantindpiece of material (more than,
ray, severaltens of meters seross) and the indications are
that cach of then dismte -y yated shortly after separating
from the parent body. We are rattler confident that ¥,
which was undetectedin the optical region of the spec-
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Table 8. Effective nuclear diameters from com parison ofbrighthessobservationstsdeuvndesdiverse geometric conditions.

Obscrved

Distance (AU) magniticde

Eflcctive nuclear diameter® (km)

Observation of comet to Phase  (visual, V) fi = 0.03% mag/deg #= 0.050 mag/deg
date (U T) N — angle o1 B Refe 1¢ nee - T T
Earth Sun pi004p= 002 p=004p = 002
1930 May 30.048° 0.063, 1.033 7073 14 (vis ) Baldet (1% 130a,b) 2.3 32 3.7 5.2
1994 Dec. 28.0765¢ 2.362 3.034 154 22y this paper®
] c.f 97y e 1S Dé -\
28.194 2.360 3.033 15.4 ")T DERES] th_x.s paper 43 3.9 25 35
29.05279 2.344 3.027 15.% 2220V this paper
29.140""” 2.343 3.027 15.3 PPV this paper )
1995 Mar, 28.060° 1.678 2.348 21.% 1¢.8 (K} this paper <3.5 <4.9 <4.0 <5.7
29.076° 1.681 2.340 218 197 (k) this paper <36 <5, ] <4.2 <6,0
June 25.9737 1.871 1.532 32.9 10.6 LK) this paper
% Assumed photometric parameters are phasecocflicimntarise nge b smetnic albedo g 1o the V passtiand
cAssumed V — Myig = ~0.12 mag.
“This image was taken with the 3.5-meter reflector 8t Culat Al 14, anly niargine! signal cortnb ution fron the conna
This image and an in, age takenthrough a red filteron 26 0%1yield (1 H) 3o pni 002 4 U 70 1o ag
e‘ Preliminary rmagnitude publish ed by Birkle et al. (1944 )
F This image and an image taken through a red filter on 26 i sacid (V- ) 30hnior = +0.59 mag
'g This image and an image taken through a red filter on 2¢ 035 vichd (3« ) jgypser = 40,45 mag
' This image and an image taken through a red filter on 2% 194 vieid (V- R)jonmor = 40 38 mag
' This image was taken with the Danish 1.5-meter refiecior at FoC La fala; assurned (Vo B)Gougins = D 36 mag, developing coma

J This image was taken with the ESO/MPG 2.2-ticter reficctar ot 50O Ui Silie; assumed (V-
developed, no meaningful constraints on the nuclear s:ve il le

}“)(?ousim o

4 0.36 mag,; strong coma already
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Fig. 6. Predicted motions of the companions A andBicativeio the principal nuclcus C, basedonthe dynamical solutions
listed, respectively, incolumus 2 and 4 of Table3 Thetykimaibaidentify the positio ncof the companions at Oh UT on the
indicated dates in December1995 and in1996. Theinsctsnbiovvst be predicte dmotions intheearly period, before the multiple

nucleus was disco vered. Note that the inset scalcis cnlurgedbyifactorof 25,
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trum, was not a companion in the true sensc of {he word
(i.e., dominated byasinglc discrete mass).

To illustrate the future expected dynamicalcvolution
of the system of the three major condensations, we preat
the ephemerides for the components A andBidativeto
C in Fig. 6 up to the end of August 1996. It ispredicte d
that, after thecomet emerges from the conyjunctionwith
the Sun, the three condensations (if allstilldctectibie)
will continue to be closely aligned along a straightlindta
position angle of ~250°, the separatism distances incroas
ing gradually from 60arcsec in lat e June to 100 arcsecin
late August. for the component A arid from 16 a1csicta
28 arcsec for B in the same period of time In theins:t
of Fig. 6 we plotthe calculated motions of the twocon
panions with respect to the principal component Cinthe
carly period, beforethe discovery of themultiplenuciens
The configuration of the three condensations varicdsip
nificantly during this interval of time and if the proxinnty
of the components and the extreme faintness of B dicnnt
prevent us fromimaging the group, we would have wt
nessed a sequence of rapidly changing positionalpatterns
during November, as depicted schematically 1 g%

The issue of particular interest is the relationshiy b
tween the outburst andthe breakup events. Fventhoogh
the time of separat ion of B from C,nominally thecarh
est breakup episode, is, realistically, uncertaintoath-au
42 weeks, an attempt to force the time of thishrcakupto
coincide with theonset time of the major outhurstincirly
September led to a solution (RTND in columntof 1
ble 3) that wasunsatisfactory, leaving for thetwa , ritical
January obscrvations systematic residuals indedination
that were well in cxcess of 0.1 arc.see, excecdingthean
mum expected error by a factor of several, andamounting,
to about three timesthe residuals from the accepteds .
tion SRT'ND. These residuals were deemedlarge enouph
not to consider the corresponding forced solutionte e
equivalent to the formally best fit. On the other he e |
the solution STND (column 7 of Table 3), whichioa'l
practical purposes wasas good asthesolution SR,
yielded for the separationtime an even laterdate neatly
coinciding with the separation time of the componenta
increasing the time diflerence between the outhburst :nd
the splitting from six wecks to two months.

T he derived times of separation for the copan o
B and A from C correlate wc]] with two less pyominent
secondary flare-ups on thelig ht curve. Thenomins! tinne.
for the two major nuclear fragmentation events, 37 and
44 days postperihclion, precede the sharp peaks ot hes
flare-ups by 4-5 days, virtually coinciding witht heironsel
times.

The final issues that we wish to address, thoseof th
probable physical nature of the companion nuclel, the pro
cess resulting intheirbirth, and the trigger, neccssarhy
involve speculative considerations. Analysis of dificrn
tial nongravitation al decelerations led to the condlus b
that the compranionnuclei of nontidally split comnete iy

SRR N N S
41 NUCLEAR CONFIGURATIONS OF .
P/SCHWASSMANN-WACHMANN 3
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1 ag. ¢. Changing configurationof the condensations A, B, and

tduring Novernbeand early December 1995, as derived from
their moddled 1elative motions Note that in early December,
A and B oex « hangedtheirpositions relative to C and that B was
the w(;sl(-xumoslc(nup_(m('lntllllli”)cc 5. Simtlarly, _the main
condensation C was the southanmost of the three until Dec. 2,
Lot the northernmost from De: 3 on. The times are UT.

1 present subkiloeter-sized, pancake-shaped, nearly in-
vy fraginants of the surfacanantle detached from the rest
{thenucicus (Sekanina 1 952). The idea of a buildup of an
isnlating dust mnantle, first expressed by Whipple (1950)
s an attribute of hic dirty-ice conglomnerate model nu-
i us, has beenincreasingly popular in the past quarter of
the century (e. g, Dobrovaolskij & Markovich 1'372, Mendis
& Brin 1977, Brin & Mendis 1979, Brin 1980, Horanyi et
+11984, } anale & Salvail 1644, Podolak & Hermman 1985,
Fickman & Ferna nder 108Cand Rickman et al. 1990) .
‘Iie problemwiththe carly versions of the concept was the
prediction of themantle’sblowoflat heliocentric distances
voart AU, contradictedbyimmag ing evidence from the
11 ey missions (e.p., Kelleret d. 1987). An important re-
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vision of theicy-con glomerate model and the dustnunnie
conceptls was Keller's (1989) suggestion thatcometar,
cleirescmble icy dirtballsrat her than dirty snowballs. 4 a0
supported by high refract ory-to-volatile massyatios (» 1),
iferred fromindependent lines of evidence (McDann- 11 «l
al.1991, Sykes & Walker 1992), Keller's argurnenthas [
damentally shifted the einphasis from the volatile fiatin
to the refractory component and, together with the nisgor
results fromrecent laboratory comet-simulation ¢x pery-
ments (Grun e, al. 1991), opened avenues forinnovinve
investigations of the physical processesthattakcplar, an
cometary nuclei.

Very recently, Kihrt & Keller {1994) introduced the
concept of an inert, porous, but cohesive crust, t.ihe
distinguished fromthe various concepts of & strenptiie o
mantle supported against the vapor pressurc only by sell-
gravity. A typical strength of the crust matrix.indlui
ing its interface with the underlying layer of dusticenix
(hut, also dominated by the refractory componentj, 3 e«
timated hy Kuhrt & Keller at 1 mbar to 1 bar sufliinet
to protect it from disruption by the vapor pressurc’lia.
Count for activity fromsinall,isolated sources, theyre .t
-in an extension of the model advocated by Do (10090

to the inevitable presence of large-scale comporational
inhomogeneities, with macroscopic fractal clustcrs ol
fractory matrix (as opposed to icy material) donnine ing,
much, hut not the entirety, of the nucleus surface liver
‘I'} ley dso consider other potential triggers of locatizeda -
tivity, including thermal stresses.

Another scenario, also derived fromKiihrt& Kelier's
(1994 ) concept of a cohesive crust, was developed by
Mohlmann (1996), who proposed that pressure diiven lat-
era] subsurface flows of liquid water arc occasionally e
sible in such a porous cohesive crust. While the posille
existence of subsurface water “lakes” mcomnctaryninele
was conside red before (Wallis 1986), Mohl i s ar g v
ment is based on a potentially important property of the
temperature and pressure distributions through thent
rior of the crust at heliocentric distances neari AU the
ternperatures vary from ~400K a the surfaccto - 200 K
at the mterface with the core and if thepressurc vany
from near zero at the surface to as much as10 1nbait
the interface (requiring, though, a high thenmal ¢ onu
tivity), then slayer may exist in the crust, wherethdern
perature is near 273 K and the pressure near O DG by,
which define the triple point of water. 1t is likely thitpr,
cesses involving liguid water (such as its late 1al flow vy
refreczing, accotnipanied by aninevit able expansion) conld
significantlydamagethe structural integrity of the st
perhaps to the point of inflicting major cracks o1 even
fracture. While it remains to be seen whether Mohlmann s
scenario s plausible, the recent researchon cometany 11,1
clei appears L o be headed in the direction of an cverin
creasing depth of theinert surface layer;someaoft}ic.
narios considered by Kiihrt & Keller (1994) yicldansis
more than 5 meters thick. It 1s informative to conme i

these mo deled crust depths with an estimated thickness
of the pancake-shaped companion fragments  talc.ulatexf
by Sckanina {19582) from their differential decelerations:
for the group of the mostrapidly disintegrating compan-
s, with acharucteristic deceleration ofy ~ 300 units of
107°% solar attiaction and a typical lifetime of ~20 days
at 1 AU from the Sun, the minimum dimension inferred
vas ~7meters, for larger corpanions, whose v ~ 40 units
and Ifetime 50 day s, t he minimum dimension required
was ~h0 meters It seems that given the apparently very
heterogencous interiorstracture of a cometary nucleus in
veneraland its cohesive crustin particular, the proposed
celationship betweenlarge fragments of the crust on the
one band and at least soie among the secondary nuclei
of nontidally split comets remains a plausible hypothesis.
‘The tngpers that activate o discrete source should also
ne responsible for fracture. The delayed response of the
nucleus of PP /Schiwassmann Wachimann 3 to a major dis-
turbance onits surface reflected in the enormous time
difference between the onsetof the major outburst and
ne subscquenthireakup events, clearly supports the con-
ptualinterpretationof a cometary nucleusas an object
hat possesses a limit ed, but not insignificant, internal co-
wesion. The efiect also provides strong evidence against
nodels o a strengthless cotmetary nucleus.
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